Abstract-Real-time automatic and continuous information gathering through EcoGrid offers an unique and immense opportunity for long term ecological monitoring and planning. However, the vast amount of raw data gathered must be dealt with efficiently and effectively so that they may be timely turned into useable information to assist ecological management. In addition, Ecological data tends to subject to environmental changes and exception-prone so that their qualities vary. Adaptive business process modelling (BPM) techniques provide rich conceptualisation to support workflow systems to perform integrated analytical and documentation tasks flexibly and efficiently. We present one such BPM and show how adaptive workflow systems, like those developed at AUAI, can take advantage of Enterprise Models represented in FBPML to provide effective support to users in real Grid environments.
I. INTRODUCTION Real-time automatic and continuous information gathering through EcoGrid offers an unique and immense opportunity for long term ecological monitoring and planning. However, the vast amount of raw data gathered must be handled efficiently and effectively so that they may be timely turned into useable information to assist ecological management. In addition, the collected data is often noisy and exception-prone so that analytical methods may no longer operate monotonically, but need to dynamically adapt their behaviours as new results are uncovered.
Enterprise modelling technologies are well recognised for their value in offering structural methods for capturing information in a complex domain. In particular, business process modelling (BPM) techniques provide rich conceptualisation that tends to describe the type of information required by the adaptive workflow systems. However, because of the lack of formal structure in conventional BPMs, their continuous use during system deployment is limited. In addition, their lack of explicitness in describing data semantics prevents them from providing more direct support for workflow execution.
We propose using a formal language within a three-layered framework that allows data to be represented and manipulated explicitly. This language helps to turn the information contained in an informal model into the type of formal model required by an adaptive workflow system. In its current state of development, FBPML (Fundamental Business Process Modelling Language) covers business processes, data models, organisational structure, agents and their capabilities as well as execution logic that gives direct instructions to a workflow engine [6] . FBPML has also been translated to several seman-304 tic web languages to provide web services. Currently it has been mapped to BPEL4WS, OWL-S [8] , BPML and OWL.
We assist process modellers by giving them a visual modelling language, underpinned by a formal representation and reasoning, that is expressive and easier to use. It lets them specify the information required by a workflow engine. In this paper, we present our formal enterprise modelling language, FBPML. We show how adaptive workflow systems, like those developed at AIAI (e.g. the Task Based Process Manager, AKT Workflow, CombeChem and I-X system [11] It is obvious repetitive tasks such as retrieving video clips, identifying objects of interest in a frame, annotating frames and classifying them in a given structure are monotonic and therefore may be described in a process model and automated through a workflow system. The workflow system may then choose appropriate software according to the task. However, as these videos were shoot in an un-controlled environment, rather than in a lab, they are highly susceptive to weather and environmental changes. As a result, properties and quality of videos may vary greatly even within a very short period that processes that handle them must be extremely sensitive and can adapt themselves according to changes.
It is clear that process modelling techniques and workflow system is helpful, but what are the requirements for such a system? An interesting survey for workflow automation was conducted for the business community by Delphi group in 2002 [7] . Main incentives for a workflow system are: automating repetitive tasks (30%), managing processes and enhancing their performance (25%) and the ability to modify the processes (by the user) without IT personnel's help (20%). Those requirements are relative generic that they share a lot of similarities to requirements within the Ecological domain. We speculate that as their requirements are similar, BPM and therefore FBPML that are useful for the business community may also be useful for Ecologists. Based on more detailed requirements, some of FBPML design rationales are given below:
Compliant with standardised process modelling languages -so that it is widely accepted and easily converted to other major languages;
. Minimalistic notations -choose a notation that is minimalistic so that it is easy to understand and use while based on well founded theories so that it is extendable when necessary; . Visual Modelling Language -FBPML provides a visualisation to promote intuitive understanding and manipulation that is absent in other workflow languages; . Semi-Formal modelling language based on formal theories -that it supports automation and (logical-based) inferencing while provides flexibilities for the user to record informal information; . Declarative style -rather than procedural style -that it is not limited to a particular implementation style -this also enables a healthy separation between the design and implementation layers; . Has execution semantics -FBPML has execution semantics, unlike most workflow languages, this enables FBPML to support the creation of a workflow machine at run time; . Adaptive behaviours at run time -given the execution semantics, dynamic modification of a FBPML process description will effectively change the behaviours of the workflow machine, this ability makes FBPML based workflow system more flexible and can adapt to new requirements; . Applicable to logical theories -the formal logic based representation captures the necessary types of information to support natural deduction, situation calculus, event calculus, transactional logic, this would enable logical based verification, validation and simulation. Before we present the language in more detail, the next section describes the three layered modelling framework that over-arching the use of FBPML.
III. THE THREE-LAYERED MODELLING FRAMEWORK
While it is important to use an appropriate workflow language when automating a domain, it is equally important the modelling activity itself is well designed so that the workflow system fit the environment for which it is developed. It is also vital that the process model is not over-prescribed that it dictates and limits implementation options. We have therefore proposed a three layers modelling framework: the objective, logical and application layers. The objective layer describes the objectives, guidelines and constraints for the environment within which the workflow system is to be deployed. Logical layer describes processes to be carried out and data involved -those processes are written in declarative style and may be implemented differently depending on the technologies chosen which are provided in the application layer.
This layered framework has several advantages. It provides an explicit means to describe higher level objectives thus governs the design of a process model. These objectives may also be used as a justification for a design decision that may be reviewed when a process model needs to be modified at a later stage. The separation between logical and application layers allows the modeller to concentrate on higher 305 level process issues and getting it right, without having to compromise it with lower-level implementation limitations. This separation also allows autonomy for system modules depicted at application layer which may be updated as newer technologies become available.
IV. THE FORMAL LANGUAGE: FBPML FBPML [6] adapts and merges two recognised process modelling languages: IDEF3 [9] and NIST PSL (the Process Specification Language) [10] . IDEF3 originated from concurrent engineering disciplines and is one of the richest methods available for process modelling. It In addition, precise process execution logic was added to FBPML so that it is possible to provide direct instructions for execution. As a result, virtual workflow machines may be created and processes enacted at run-time -this was not possible before for IDEF3 or PSL alone. In addition, FBPML makes use of a data language, the FBPML-DL [2] , that provides constructs for describing data constructs and becomes an integral part of a FBPML process description. FBPML-DL may also be used on its own to describe a domain(e.g. used as a knowledge acquisition and semantic web publishing tool [3] ) and/or used to describe a data model in conjunction with a process model [4] for workflow automation. To provide a brief introduction to FBPML, its process ontology skeleton with a short description is described below:
. Nodes: -Primitive Activity: leaf node activities that may no longer be decomposed into sub-activities. Primitive activities are directly connected to application layers.'
-Activity: a general term for all activity types, including composite as well as primitive activity. Composite activities may be decomposed into smaller steps of activities or sub-activities.
-Role: the role of an actor who carries out the activity.
-Time Point: a point in time.
-Junctions: junctions are used to connect multiple activities. to describe a simple process model written in FBPML for EcoGrid. Figure 1 depicts a higher level process whose first two activities are composite activities. Figure 2 and 3 detailed the two sets of sub-activities for the two composite activities. In this scenario, the workflow system retrieves video clips made available via EcoGrid. It also chooses the appropriate image processing software for analysing and classification tasks. As KBST-EM provides logic-based verification and validation, workflow or data related contradictions detected are reported to the user and repairable [5] . A workflow system's dynamic behaviours may be realised and monitored through an I-X Process Panel. Figure 4 shows the execution step where video clips are to be analysed. VI. CONCLUSION Data collected via remote sensing devices typically is intrinsically dynamic. Their properties and qualities are highly susceptive to external influences such as weather, environmental and biologically changes. Rapid accumulation of vast amount of data via automated monitoring methods makes manual processing impossible. To achieve ultimate use of such information requires sophisticated hybrid approaches: systematic procedures when requirements are monotonic and sensitive and adaptive processing behaviours when exceptions are encountered. After analysing the problem domain in EcoGrid, we proposed a workflow framework that allows us to capture the processes as well as data in a semantically rich environment. This framework is equipped with rich processing semantics that may be interpreted and executed at run time, thus allows us to modify workflow behaviours adaptively based on experiences to suit current circumstances.
